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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a system inte- 
grated circuit having a data processing system which 
includes buses and devices. More particularly, the 
present invention relates to an improvement concerning 
observation of the internal state of the system integrated 
circuit. 

(2) Description of Related Art 

[0002] Due to the improvement in the semiconductor 
processing technique, system LSIs containing a whole 
data processing system are appearing on the semicon- 
ductor market. Typically, a data processing system in- 
cludes a plurality of devices such as a CPU and a mem- 
ory, and also includes buses connecting the devices. 
Conventional data processing systems prior to the ap- 
pearance of system LSIs are manufactured by housing 
a plurality of parts (devices) on a board then wiring the 
board by connecting the parts via buses (such a data 
processing system is called a board-type system). In 
contrast, the data processing system in a system LSI is 
achieved by housing the plurality of devices and buses 
in an LSI package with high density. Naturally, an elec- 
tronic equipment containing such a system LSI can be 
small and light. The data processing system contained 
in a package is resistantto noises from outside the prod- 
uct containing the package, and therefore provides a 
stable operation. 

[0003] Meanwhile, in the board-type system, probes 
are connected from a logic analyzer to desired points 
on wires on the board to observe transfers of data or 
addresses on buses of the data processing system. 
This, however, is not possible in system LSIs si nee eve- 
ry bus or connection line is in the system LSIs, namely 
concealed in the system LSIs. This may cause a prob- 
lem that when a malfunction occurs in the system, the 
cause of the malfunction cannot be identified. This will 
cause the system debugging process to spend a lengthy 
amount of time. 

[0004] Designers of system LSIs may try to solve this 
problem by assigning dedicated output terminals to nec- 
essary internal buses. It is typical, however, that the total 
number of output terminals of system LSIs is strictly re- 
stricted to reduce the product size and cost. As a result, 
assigning output terminals to all of a plurality of 24-bit 
and 32-bit buses in a system LSI is unrealistic, though 
possible (for example, when there are three 24-bit buses 
in asystem integrated circuit, 72 output terminals should 
be assigned to them in total for observation). The output 
terminals can be assigned to only a limited number of 
internal buses. This narrows the range of observation in 
terms of the contents transferred on the buses. In this 



case, when a malfunction occurs in the system LSI, the 
cause of the malfunction cannot be thoroughly investi- 

[0005] It is expected that as a larger scale of data 
5 processing system is housed in the system LSI, the 
structure of the system LSI becomes complicated and 
the number of malfunctions occurring in the system LSI 
increases, drastically. This will increase the amount of 
time spent by the system debugging process since the 
10 above-mentioned strict restrictions on the total number 
of output terminals will remain the same. 
[0006] The document US-A-5,867,644 discloses a 
system integrated circuit comprising a debugging ar- 
rangement, whereby on-chip comparators are foreseen 
15 for detecting user-defined conditions in on-chip signal 
sources, in response to which user-selected on-chip sig- 
nals are output using multiplexing circuitry. 

SUMMARY OF THE INVENTION 

so 

[0007] It is therefore an object of the present invention 
to provide a system integrated circuit that identifies the 
cause of a malfunction even if the number of output ter- 
minals of a system LSI to be assigned to the internal 

25 buses in the system LSI is strictly restricted. 

[0008] The above object is fulfilled by the present in- 
vention, which is defined in detail in the appended inde- 
pendent claim 1 , by a system integrated circuit contain- 
ing a plurality of buses, comprising: a comparator oper- 

30 able to compare data transferred on one of the plurality 
of buses with a predetermined expected value; a selec- 
tor unit operable to output data transferred on one of the 
plurality of buses to outside the system integrated circuit 
in accordance with a result of the comparison performed 

35 by the comparator. 

[0009] With the above construction, since the selector 
unit can change a bus transferring data which is to be 
output to outside the system integrated circuit, based on 
whether the comparator judges as "match", even if the 

io system integrated circuit does not have enough output 
terminals to be assigned to all of the plurality of buses, 
observers can recognize, from outside the system inte- 
grated circuit, data transferred on various buses in the 
system integrated circuit. 

is [0010] Since a bus transferring data which is to be out- 
put to outside the system integrated circuit is changed 
based on whether the comparator judges as "match", 
when a certain address is suspected of holding some 
data to cause a malfunction, for example, it is possible 

so for an observer to check from outside the system inte- 
grated circuit what kind of data is transferred on a data 
bus while a location indicated by the suspicious address 
is accessed, by setting the suspicious address in the 
comparator connected to the address bus and allowing 

55 the data transferred on the data bus to be output to the 
observation bus when the comparator judges as 
"match" . This enables the observer to observe what kind 
of data is read or written in the system integrated circuit 



2 



3 EP 1 102 169 B1 4 



while there is a high possibility that the malfunction oc- 
curs. This enables the observer to detect a cause of the 
malfunction efficiently. 

[0011] Furthermore, there may be a case where the 
cause of a malfunction cannot be detected just by ob- 
serving data or addresses transferred on buses due to 
an enormous scale of the data processing system. In 
such a case, however, the system integrated circuit 
achieves a high-level observation method of changing 
observation target buses automatically based on vari- 
ous conditions since in the system integrated circuit, a 
bus transferring data which should be output to outside 
the system integrated circuit is changed to another bus 
each time the comparator judges that an expectation 
matches data transferred on a bus. 
[0012] In the above system integrated circuit, each of 
the plurality of comparators may include a holding unit 
operable to hold an expected value, and the system in- 
tegrated circuit further comprises an update unit opera- 
ble to update an expected value held by each holding 
unit. 

[001 3] With the above construction , the observer can 
set the expected value as he/she likes, This makes the 
detection of the cause of malfunction more efficient. 
[0014] The above system integrated circuit may fur- 
ther comprise: an output unit operable to output, when 
the selector unit outputs data transferred on a bus cor- 
responding to the comparator to outside the system in- 
tegrated circuit, an identification number of the bus to 
outside the system integrated circuit. 
[001 5] With the above construction , the observer can 
identify the bus transferring the data that is output to out- 
side the system integrated circuit, where the bus is se- 
lected based on whether a comparator detects a match. 
[0016] In the above system integrated circuit, the plu- 
rality of buses may include an external-device-dedicat- 
ed bus which is used to transfer either a predetermined 
kind of data or a predetermined address to be output to 
an external device connected to the system integrated 
circuit, and the selector unit continues to output either 
the predetermined kind of data orthe predetermined ad- 
dress to outside the system integrated circuit when the 
comparator judges that the predetermined expected 
value does not match the data, and the selector unit out- 
puts data transferred on another bus to outside the sys- 
tem integrated circuit when the comparator judges that 
the predetermined expected value matches the data 
transferred on the bus to which the comparator is con- 
nected. 

[0017] With the above construction, an output termi- 
nal of the system integrated circuit used for outputting 
data to an external device can also be used by the se- 
lector unit to output data transferred on a bus to outside 
the system integrated circuit. This improves the cost 
performance of the system integrated circuit. 
[0018] The above system integrated circuit may fur- 
ther comprise: a receiving unit operable to receive data 
from outside the system integrated circuit; and a judge- 



ment unit operable to judge whether the data received 
by the receiving unit either is a default value or includes 
a designation of a bus transferring data which should be 
output, and the selector unit outputs data transferred on 

s another bus to outside the system integrated circuit 
when the data received by the receiving unit is the de- 
fault value, and when the data received by the receiving 
unit includes the designation of a bus, the selector unit 
outputs data transferred on the bus designated by the 

10 data received by the receiving unit. 

[001 9] With the above construction, a bus transferring 
data which should be output to outside the system inte- 
grated circuit is changed to another bus in accordance 
with the comparison results of the comparator, and at 

is the same time the bus can be specified explicitly from 
outside the system integrated circuit. This provides 
more options to the observer in observing inside the sys- 
tem integrated circuit. 

[0020] The above system integrated circuit compris- 
20 ing a plurality of comparators, wherein each bus may be 
connected to two or more comparators, one of the two 
or more comparators connected to a same bus judges 
whether a predetermined expected value matches data 
transferred on the same bus, another of the two or more 
25 comparators connected to thesame bus judges whether 
another predetermined expected value matches the da- 
ta transferred on the same bus, and the selector unit 
outputs data transferred on one of the plurality of buses 
to outside the system integrated circuit when one or both 
so of the two or more comparators judges that a predeter- 
mined expected value matches the data transferred on 
the same bus. 

[0021 ] With the above construction , si nee two compa- 
rators are connected to each bus, data transferred on 

35 the data bus is selectively output to outside the system 
integrated circuit only when the predetermined, first and 
second addresses appear on the address bus. 
[0022] Furthermore, the above selective change is 
possible even when the expected value cannot be re- 

40 written In time due to a very short period between the 
transfers of the first address and second address. 
[0023] In the above system integrated circuit, each of 
the plurality of buses may be m bits wide, the system 
integrated circuit comprising k output terminals (k<m), 

45 and the selector unit outputs k bits out of m bits to the k 
output terminals, and then rest of them bits to the k out- 
put terminals. 

[0024] With the above construction, since data trans- 
ferred on a bus is outputto outside the system integrated 
so circuit in time-sharing, even if the number of output ter- 
minals is less than the bit width of the bus to be ob- 
served, all the data transferred on the bus can be ob- 
served. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] These and other objects, advantages and fea- 
tures of the invention will become apparent from the fol- 



3 



EP1 102169 B1 



lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific em- 
bodiment of the invention. In the drawings: 

FIG, 1 shows the internal construction of the set-top 

box containing the system LSI; 

FIG. 2 shows the internal construction of the system 

LSI; 

FIG. 3 shows the classification of the components 
shown in FIG. 2 into master devices and slave de- 
vices; 

FIG. 4 shows the internal construction of the BCU 
117; 

FIG. 5 shows simultaneous data transfers achieved 
by a plurality of combinations of the master devices 
and slave devices connected simultaneously by the 
BCU 117; 

FIG. 6 shows the components of the system LS1 1 05 
which are used for achieving the internal observa- 
tion mode; 

FIG, 7Ashows rules by which the external selection 
control holding u nit 51 outputs the internal selection 
control signals; 

FIG, 7B shows a table showing relationships be- 
tween identification numbers of the comparators 1 1 
to 15 and internal selection control signals; 
FIG. 8A shows a circuit construction of the compa- 
rators 11 to 15 which compare a piece of n-bit data 
transferred on an internal bus with an n-bit expected 

FIG. 8B is a truth table concerning the exclusive-OR 
gates 57; 

FIG. 9 is a timing chart showing an operation of the 
system LSI 105 in the internal observation mode; 
FIG. 10 shows the internal construction of the ob- 
servation control apparatus 9 in Embodiment 2; 
FIGs. 11Aand 11B3how changes ofthe internal ob- 
servation state and its condition; 
FIG. 1 2 shows the internal construction of the match 
detection signal control apparatus 53 in Embodi- 
ment 2; 

FIG. 13 shows the internal construction of the ob- 
servation control apparatus 9 in Embodiment 3; 
FIG. 14shows how the selector unit 1 0 is connected 
to the system LS1 105 in Embodiment 4; 
FIG. 16 shows the internal construction of the ob- 
servation control apparatus 9 in Embodiment 5; 
FIG. 17 shows the internal construction of the ob- 
servation control apparatus 9 in Embodiment 6; 
FIG. 18 shows the internal construction of the ob- 
servation control apparatus 9 in Embodiment 7; and 
FIG. 1 9 shows the internal construction of the BCU 
117 in Embodiment 8. 

DESCRIPTION OFTHE PREFERRED 
EMBODIMENTS 

[0026] The following are description of the present in- 



vention through specific embodiments thereof by way of 
referring to the drawings. 

Embodiment 1> 

5 

[0027] The system integrated circuit (system LSI) in 
Embodiment 1 is contained in a set-top box. FIG. 1 
shows the internal construction of the set-top box. The 
set-top box is an apparatus which receives a broadcast 

10 wave via satellite broadcasting, ground waves, or ca- 
bles, separates transport streams from the received 
broadcast wave, decodes the transport streams, and 
outputs video signals, audio signals or the like. A set- 
top box is used at home, combined with a TV receiver 

15 or a personal computer. 

[0028] As shown in FIG. 1 , the set-top box includes a 
front end unit 101, a host microcomputer 102, a flash 
memory 103, a SD-RAM 104, and a system LSI 105. 
[0029] The front end unit 101 demodulates the broad- 

20 cast wave received by a satellite broadcast antenna 1 00 
and outputs transport streams conforming to the 
MPEG2 standard one by one. 
[0030] The host microcomputer 1 02 controls the main 
part of the set-top box. 

25 [0031] The flash memory 103 stores a plurality of in- 
structions in advance. 

[0032] The SD-RAM 1 04 stores a plurality of pieces 
of data in advance. Substantially all of the basic proc- 
esses to be performed by the set-top box are achieved 
30 in the system LSI 1 05. As a result, the wiring inside the 
set-top box is very simple. 

[0033] Though the wiring may be simpler than con- 
ventional techniques, various components are con- 
tained in the system LS1 1 05 with high density. The com- 

35 ponents of the system LSI 105 will be described with 
reference to FIG. 2. As shown in FIG. 2, the system LSI 
105 includes: a transport decode descramble (TDDS) 
core 107 which, when a transport stream output from 
the front end unit 1 01 has been scrambled, descrambles 

40 the transport stream and also separates the transport 
stream into video streams conforming to the MPEG2 
standard, audio streams or the like; an AV core 108 for 
decoding the video streams and audio streams to obtain 
video signals and audio signals; an STB peripheral I/O 

45 unit 109 which is composed of a serial interface, a timer 
and the like; a microcomputer core 110 for controlling 
the system LS1 1 05; an l-Cache 1 1 1 that is acache mem- 
ory for storing instructions; a D-Cache 112 that is a 
cache memory for storing data; a DMA control unit 113 

so for controlling DMA transfers on I/O buses and stream 
buses; an external bus control unit 114 for reading in- 
structions from the flash memory 1 03; an SDRAM con- 
trol unit 1 1 5 for reading and writing from/to the SD-RAM 
104; an SRAM 116 for storing instructions that need to 

55 be accessed at high speed, the instructions being se- 
lected from those stored in theflash memory 1 03; a BCU 
117; five buses (a data bus 1, an I/O bus 2, a stream 
bus 3, an address bus 4, and an instruction bus 5), an 
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observation bus 6, a group of output terminals 7 : an in- 
put terminal 8, an observation control apparatus 9, a se- 
lector unit 1 0, and comparators 1 1 to 1 5. It may be said 
that board-like processes conforming to the MPEG2 
standard are condensed in the system LSI 1 05. Among 
these components, the TDDS core 107 to the STB pe- 
ripheral I/O unit 109 are not described in detail since 
they are not much related to Embodiment 1 . 
[0034] Most of the above components of the system 
LSI 105 are connected to any of the five buses. The 
components are classified into master devices (devices 
which request a service) and slave devices (devices 
which provide a service), 

[0035] FIG. 3 shows the classification of the compo- 
nents of the system LSI 105. As shown in FIG. 3, the 
microcomputercore 1 1 0, DMA control unit 113, and host 
microcomputer 102 belong to master devices, and the 
flash memory 103, SD-RAM 104, TDDS core 107, AV 
core 108, STB peripheral I/O unit 109, and microcom- 
puter core 110 which are connected to the five internal 
buses belong to slave devices (note that in this classifi- 
cation, the observation control apparatus 9, selector unit 
1 0, and comparators 1 1 to 1 5 belong to neither master 
devices nor slave devices). When there are a plurality 
of master devices as in the system LSI 105, an arbiter 
is required for solving a possible contention in which two 
or more master devices request to access a slave de- 
vice (to use an internal bus) at the same time. In the 
system LS1 1 05, the BCU 117 functions as an arbiter. 
[0036] FIG. 4 shows the internal construction of the 
BCU 117. As shown in FIG. 4, the BCU 117 includes 
buses 21 to 27 which are arranged like crossing rows 
and columns and are connected to the master devices 
and slave devices, cross-bus switches 31 to 39 each of 
which connects or disconnects two crossing buses, and 
arbitration apparatuses 40 to 42 which turn on or off the 
cross-bus switches in accordance with request signals 
output from the master devices. 
[0037] The BCU 117 connects any combinations of 
the three master devices and six slave devices (five in- 
ternal buses) by turning on or off the cross-bus switches 
31 to 39. Also, since a plurality of combinations of the 
master devices and slave devices can be connected si- 
multaneously, it is possible for the system LSI 105 to 
transfer data between a plurality of master devices and 
a plurality of slave devices simultaneously. When a con- 
tention occurs between two or more master devices for 
a slave device, a master device executing a task with 
the highest priority level is allowed to use the slave de- 
vice first. 

[0038] FIG. 5 shows a plurality of combinations of the 
master devices and slave devices connected simulta- 
neously by the BCU 117, and simultaneous data trans- 
fers between a plurality of master devices and a plurality 
of slave devices in the system LS1 1 05. The TDDS core 
107, after descrambling and separating a transport 
stream received from the front end unit 1 01 , first stores 
the transport stream into the SD-RAM 1 04 as arrow yl 



indicates, then transfers the transport steam from the 
SD-RAM 1 04 to the AV core 1 08 via the stream bus 3 
as arrow y2 indicates. The DMA control unit 113 controls 
such a DMA transfer in which the transport stream is 
5 transferred as "front end unit 101— SD-RAM 104— AV 
core 108". 

[0039] TheSD-RAM 104 stores data which is read or 
written by the microcomputer core 1 1 0, as well as trans- 
port streams. In this case, there is a possibility that a 

10 contention occurs between the TDDS core 1 07 and the 
microcomputer core 1 1 0 for an access (reading or writ- 
ing) to the SD-RAM 104. The BCU 117 operates as an 
arbiterto solve such contentions. The simultaneous da- 
ta transfers between a plurality of master devices and a 

15 plurality of slave devices in the system LSI 105 owes 
much to the presence of the BCU 117. However, the 
more frequently simultaneous data transfers are per- 
formed, which causes various related processes to be 
executed in the system LSI 105, the more frequently 

so malfunctions occur. The system LSI 1 05 should there- 
fore be designed so that the internal state of the system 
LSI 105 can be known to outside thereof in some way. 
For this purpose, the present embodiment provides the 
internal observation mode in which the system LS1 105 

25 outputs Information of contents of transfers on the five 
buses to outside so that an observer can observe the 
internal state of the system LS1 105. The internal obser- 
vation mode is achieved by the observation control ap- 
paratus 9, selector unit 10, and comparators 11 to 15 

30 which belong to neither master devices nor slave devic- 
es, and by the observation bus 6, among the compo- 
nents shown in FIG. 5. 

[0040] FIG. 6 shows the components of the system 
LS1 1 05 which are used for achieving the internal obser- 
35 vation mode. These components will be described with 
reference to FIG. 6. 

[0041] The observation control apparatus 9 Includes 
an external selection control holding unit 51 , a selection 
control unit 52, a match detection signal control appa- 

40 ratus 53, an interrupt control apparatus 54, and an OR 
circuit 55, and controls the system LS1 1 05 in the internal 
observation mode (components of the devices 1 0 to 1 5 
will be explained after the components 51 to 55 of the 
observation control apparatus 9). 

45 [0042] The external selection control holding unit 51 
holds an external selection control signal received from 
outside the system LS1 1 05. When the external selection 
control signal contains an identification number of a bus 
to which data should be output, the external selection 

so control holding unit 51 outputs, to the selector unit 10, 
an internal selection control signal that indicates the bus 
identified by the identification number. 
[0043] The present embodiment assigns identifica- 
tion numbers "1" to "5" to the data bus 1 to instruction 

55 bus 5, respectively. The identification numbers corre- 
spond to internal selection control signals SEL1 to 
SEL5, respectively. The external selection control hold- 
ing unit 51 outputs the internal selection control signals 
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to the selector unit 10 via the OR circuit 65. FIG. 7A 
shows rules by which the external selection control hold- 
ing unit 51 outputs the internal selection control signals. 
According to FIG. 7A, internal selection control signal 
SEL1, SEL2 : or SEL3 is output when the identification 
number contained in the external selection control sig- 
nal is "01", "10", or "11", respectively. When the identi- 
fication number contained in the external selection con- 
trol signal is "00", which is a default value, the match 
detection signal control apparatus 53 selects an internal 
selection control signal to be output. 
[0044] The selection control unit 52 sets an expected 
value in each comparator in accordance with instruc- 
tions from the microcomputer core 110. 
[0045] The match detection signal control apparatus 
53 contains a table showing relationships between iden- 
tification numbers of the comparators 11 to 15, which 
are respectively connected to internal buses 1 to 5, and 
identification numbers of internal buses to which data 
should be output when the comparators detects a 
"match". Each of the comparators 11 to 15 compares 
data to be transferred on any of the five internal buses 
with a certain expected value. When a comparator judg- 
es that the values match, the match detection signal 
control apparatus 53 detects the identification number 
of the comparator, refers to the table to read a bus iden- 
tification number corresponding to the detected identifi- 
cation number of the comparator, and outputs the read 
bus identification number to the selector unit 1 0 via the 
OR circuit 55. As will be understood from the table, a 
match of data transferred on a bus with a certain expect- 
ed value detected by a comparator corresponds to an- 
other bus which transfers a different kind of data. 
[0046] FIG. 7B shows a table showing relationships 
between identification numbers of the comparators 11 
to 15 and internal selection control signals. In this table, 
as described above, a match of data transferred on a 
bus with a certain expected value detected by a compa- 
rator connected to the bus corresponds to another bus 
which transfers a different kind of data. 
[0047] As shown in FIG. 7B, when the comparator 1 4 
judges that data to be transferred on internal bus 4 
matches the expected value, internal selection control 
signal SEL1 is output. Also, when the comparator 15 
judges that data to be transferred on internal bus 5 
matches the expected value, internal selection control 
signal SEL2 is output. The contents of the table are re- 
written by the microcomputer core 110. 
[0048] The interrupt control apparatus 54 outputs an 
interrupt signal to the microcomputer core 110 after re- 
ceiving a notification from the match detection signal 
control apparatus 53 that any comparator has detected 
a "match". Receiving of the interrupt signal enables the 
microcomputer core 110 to detect an occurrence of a 
certain signal state by software and execute a certain 
process corresponding to the certain signal state. Atyp- 
ical certain process is a debug program in the supervisor 
area. The microcomputer core 1 1 0 changes the assign- 



10 

ment of the internal selection control signals to be output 
corresponding to the "match" detection based on the ex- 
pected values by rewriting an expected value set in each 
of the comparators 11 to 15 and the table held by the 

s match detection signal control apparatus 53. 

[0049] The OR circuit 55 selectively outputs one of 
two internal selection control signals output from the ex- 
ternal selection control holding unit 51 and the match 
detection signal control apparatus 53 to the selector 1 0. 

10 Now that all the components of the observation control 
apparatus 9 have been explained, the components of 
the selector unit 1 0 and other devices will be described. 
[0050] The selector unit 1 0 includes five input termi- 
nals respectively connected to the data bus 1 , I/O bus 

15 2, stream bus 3, address bus 4, and instruction bus 5 
and an output terminal connected to observation bus 6. 
The selector unit 10 receives an internal selection con- 
trol signal output from the external selection control 
holding unit 51 orthe match detection signal control ap- 

20 paratus 53 via the OR circuit 65, and in accordance with 
the received internal selection control signal, outputs the 
data transferred on a bus corresponding to the received 
internal selection control signal to the observation bus 
6. Here, since the observation bus 6 is connected to the 

25 group of output terminals 7, an observer can observe 
the data transferred on the internal bus from outside the 
system LSI 105 by connecting a probe of a logic ana- 
lyzer to the group of output terminals 7 and checking the 
data output from the selector unit 1 0 to the observation 

30 bus 6. 

[0051] The comparators 11 to 15 are respectively con- 
nected to internal buses 1 to 5, and compare data to be 
transferred on the internal buses with the expected val- 
ues set by the selection control device 52 to judge 

35 whether they match. 

[0052] FIG. 8A shows a circuit construction of the 
comparators 11 to 15 which compare a piece of n-bit 
data transferred on an internal bus with an n-bit expect- 
ed value. As shown in FIG. 8A, each comparator in- 

40 eludes an expected value holding unit 56, n exclu- 
sive-OR gates 57, and a logical OR gate 58. Note that 
in FIG. 8A, the piece of n-bit data is composed of n bits 
A1 , A2, A3 An, and the n-bit expected value is com- 
posed of n bits B1 , B2, B3, Bn. 

45 [0053] The expected value holding unit 56 holds the 
n-bit expected value. The expected value is rewritten by 
the selection control device 52 under the control of the 
microcomputer core 110. 

[0054] Each of the n exclusive-OR gates 57 ORs the 
so i* bit Ai in the piece of n-bit data with the i* 1 bit Bi in the 
n-bit expected value, and outputs the i th bit Yi in an n- 
bit output value, where 1=1 , 2, 3, n. FIG. 8B is a truth 
table concerning the n exclusive-OR gates 57. As 
shown in FIG. 8B, when two input terminals of each ex- 
55 clusive-OR gate 57 receives two "0"s or two "1 "s as Ai 
and Bi, the exclusive-OR gate 57 outputs "0" as Yi from 
the output terminal, indicating a "match". When the two 
input terminals receives different bit values as Ai and Bi, 
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the exclusive-OR gate 57 outputs "1 " as Yi from the out- 
put terminal, indicating a "mismatch". 
[0055] The logical OR gate 58 is a gate circuit which 
performs a disjunction operation of the n bits "Yi" output 
from the n exclusive-OR gates 57. When any of the n 
bits "Yi" is "1 ", the logical OR gate 58 outputs "1 " as the 
match detection signal, indicating that the piece of n-bit 
data does not match the n-bit expected value; when all 
the n bits "Yi" are "0", the logical OR gate 58 outputs "0" 
as the match detection signal, indicating that the piece 
of n-bit data matches the n-bit expected value. 
[0056] It should be noted here that although in the 
present embodiment, each and every bit of the n-bit ex- 
pected value is checked if it match a corresponding bit 
of data. Instead of this, a part of the expected value may 
be masked, and the OR operation may be performed for 
the not-masked part of the expectation data. Further- 
more, it may be judged whether the data transferred on 
a bus is higher or lower than a certain expected value. 
[0057] Up to this point, the components forthe internal 
observation mode have been explained. Now, the oper- 
ation of the system LSI 105 in the internal observation 
mode using the components will be described. FIG. 9 is 
a timing chart showing an operation of the system LSI 
105 in the internal observation mode. FIG. 9 include 10 
rows which respectively show from the top the data 
transferred on the data bus 1 , I/O bus 2, stream bus 3, 
address bus 4, and instruction bus 5, the external se- 
lection control signal, match detection signals from the 
comparators 14 and 15, the internal selection control 
signal, and the data transferred on the observation bus 
6. 

[0058] At time point t1 in FIG. 9, when the external 
selection control signal is input from outside the system 
LSI 105, the external selection control holding unit 51 
reads the identification number (ld=11) from the input 
signal and outputs internal selection control signal 
SEL3, as indicated by arrow y51 , so that the data trans- 
ferred on an internal bus (any of 1 to 5) identified by the 
identification number (ld=11) is output to the observation 
bus 6. After the internal selection control signal SEL3 is 
sent to the selector unit 1 0, the selector unit 1 0 outputs 
the data (3-1 , 3-2, and 3-3) transferred on the stream 
bus 3 to the observation bus 6, as indicated by arrow 
y52. 

[0059] FIG. 9 shows that at time point t2, another ex- 
ternal selection control signal containing identification 
number (ld=00) is received by the external selection 
control holding unit 51 . As shown in FIG. 7A, when the 
identification number is "00", a bus transferring data 
which should be output to outside is determined based 
on the match detection of a comparator. When this hap- 
pens, the external selection control holding unit 51 stops 
outputting internal selection control signal SEL3. Sup- 
pose then that at time point t3, the comparator 14 con- 
nected to the address bus 4 detects a "match" between 
data and an expected value. As a result, as indicated by 
arrow y53, the comparator 1 4 outputs a match detection 
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signal. By referring to the table shown in FIG. 7B, it is 
found that the match detection of the comparator 1 4 cor- 
responds to internal selection control signal SEL1 . The 
match detection signal control apparatus 53, therefore, 

s as indicated by arrow y54, outputs internal selection 
control signal SELL After the internal selection control 
signal SEL1 is sent to the selector unit 10, the selector 
unit 1 0 outputs the data (1 -4, and 1 -5) transferred on the 
data bus 1 to the observation bus 6, as indicated by ar- 

10 row y55. Here, suppose that the expected value is an 
address in the flash memory 103 and that an instruction 
suspected of causing a malfunction is placed in a loca- 
tion specified by the address, then it is possible for an 
observer to check from outside the system LS1 105 what 

15 kind of data is transferred on the data bus 1 when the 
suspicious instruction is executed. 
[0060] Suppose that after the internal selection con- 
trol signal SEL1 is output, at time point t4, the compa- 
rator 15 detects a "match". The comparator 15 then out- 

20 puts amatch detection signal, as indicatedbyarrowy56. 
By referring to the table shown in FIG. 7B, it is found 
that the match detection of the comparator 15 corre- 
sponds to internal selection control signal SEL2. The 
match detection signal control apparatus 53, therefore, 

25 as indicated by arrow y57, outputs internal selection 
control signal SEL2. After the internal selection control 
signal SEL2 is sent to the selector unit 1 0, the selector 
unit 1 0 outputs the data (2-6, and 2-7) transferred on the 
data bus 2 to the observation bus 6, as indicated by ar- 

30 row y58. Here, suppose that the expected value is an 
instruction suspected of causing a malfunction, then it 
is possible for an observer to check from outside the sys- 
tem LS1 1 05 what kind of data is transferred on the data 
bus 2 when the suspicious instruction is executed. 

35 [0061] As described above, when a comparator de- 
tects a match between data transferred on a bus and a 
certain expected value, data transferred on another bus 
is output to outside the system LSI 105. With this con- 
struction, an observer can check from outside the sys- 

40 tern LS1 105 what kinds of data are transferred on a plu- 
rality of buses contained in the system LSI 105. 
[0062] As described above, the system LSI 105 
changes its output based on each comparison result of 
the comparators. For example, when a certain address 

15 is suspected of holding some data to cause a malfunc- 
tion, it is possible for an observerto check from outside 
the system LS1 105 what kind of data is transferred on 
the data bus 1 while a location indicated by the suspi- 
cious address is accessed, by setting the suspicious ad- 

50 dress in the comparator connected to the address bus 
4 and allowing the data transferred on the data bus 1 to 
be output to the observation bus when the comparator 
detects a "match". When this is possible, it is possible 
to recognize what kind of data is read or written in the 

55 system LSI 105 when the malfunction occurs. This en- 
ables the observer to track down the cause of a mal- 
function efficiently. 

[0063] In the present embodiment, a table is used so 
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that when a comparator detects a match between data 
transferred on a bus and a certain expected value, data 
transferred on another bus is output to outside the sys- 
tem LS1 105. However, the system LSI may adopt a sim- 
pler structure in which a comparator is connected to one 
of a plurality of buses, and when the comparator detects 
a match between data transferred on the connected bus 
and a certain expected value, the data transferred on 
the bus is output to outside the system LSI 1 05. 
[0064] In the present embodiment, the output to the 
observation bus is changed based on whether a com- 
parator detects a match between data and an expected 
value. In stead of this, the output to the observation bus 
may be changed based on whether data transferred on 
a bus is higher or lower than an expected value. Em- 
bodiment 2> 

[0065] Embodiment 2 relates to an improvement to 
Embodiment 1 . More specifically, In Embodiment 2, the 
internal selection control signal to be output is dynami- 
cally changed. Forthis purpose, the observation control 
apparatus 9 of Embodiment 2 has a structure shown in 
FIG. 10. 

[0066] As shown in FIG. 1 0, the selection control de- 
vice 52 in Embodiment 2 not only sets an expected value 
in each comparator in accordance with instructions from 
the microcomputer core 110 as in Embodiment 1, but 
also initializes the internal observation state for the 
match detection signal control apparatus 53. 
[0067] The internal observation state in Embodiment 
2 is defined as follows. The internal observation state in 
the system LSI 105 in Embodiment 2 is classified into 
states 1, 2, 3,... as shown in FIGs. 1 1 A and 1 1 B. FIGs. 
11 A and 11 B show changes of the internal observation 
state and its condition. In FIGs. 11Aand 11B, the state 

I indicates that the match detection signal control ap- 
paratus 53 is currently outputting internal selection con- 
trol signal SEL1 . Similarly, the states 2 and 3 indicate 
that internal selection control signals SEL1 and SEL2 
are currently output, respectively. It should be noted 
here that although five comparators are connected to 
the internal buses as described in Embodiment 1 , only 
three comparators among them are used in Embodi- 
ment 2, for convenience's sake. 

[0068] The match detection signal control apparatus 
53 shown in FIG. 10 changes the internal observation 
state in accordance with the match detection by the 
comparators 1 1 to 1 3, and outputs an internal selection 
control signal corresponding to the internal observation 
state to the OR circuit 55. The internal observation state 
changes from "state 1 " to "state 2" when the comparator 

II has detected a "match". Similarly, it changes from 
"state 2" to "state 3" when the comparator 12 has de- 
tected a "match", and changes from "state 3" to "state 
4" when the comparator 13 has detected a "match". 
[0069] The match detection signal control apparatus 
53 of Embodiment 2 has the structure shown in FIG. 12 
for achieving the above state change. As shown in FIG. 
12, the match detection signal control apparatus 53 in- 
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eludes D-type latches 61 to 63, selectors 64 to 66, AND 
circuits 67 to 69, an OR circuit 70, a counter circuit 71 , 
and an internal selection control signal output unit 72. 
[0070] The D-type latches 61 to 63 latch match detec- 

5 tion signals sent from the comparators 11 to 1 3 respec- 
tively, and output the latched signals to Q terminals. 
[0071] Each of the selectors 64 to 66 has three input 
terminals AO, A1, and A2, selects a value received 
through any of the three input terminals based on asig- 

10 nal that specifies a state selection target output from the 
selection control device 52, and outputs the selected 
signal. Here, each AO terminal is connected to the D- 
type latch 61 , each A1 terminal is connected to the D- 
type latch 62, and each A2 terminal is connected to the 

'5 D-type latch 63. When the selection control device 52 
outputs a signal specifying "state 1 ", the selector 64 out- 
puts a value input through the AO terminal. When the 
selection control device 52 outputs a signal specifying 
"state 2", the selector 65 outputs a value input through 

20 the A1 terminal. When the selection control device 52 
outputs a signal specifying "state 3", the selector 66 out- 
puts a value input through the A2 terminal. 
[0072] The AND circuit 67 outputs a "HIGH" value 
when the counter circuit 71 has output a value "00" and 

25 the selector 64 has output a value input through the AO 
terminal. 

[0073] The AND circuit 68 outputs a "HIGH" value 
when the counter circuit 71 has output a value "01 " and 
the selector 65 has output a value input through the A1 
so terminal. 

[0074] The AND circuit 69 outputs a "HIGH" value 
when the countercircuit 71 has output a value "1 0" and 
the selector 66 has output a value input through the A2 
terminal. 

35 [0075] TheORcircuit70outputsa"HIGH"valuewhen 
any of the AND circuits 67 to 69 has output a "HIGH" 
value. 

[0076] The counter circuit 71 increments the value it 
holds and outputs the value to QO and Q1 terminals 
40 each time the OR circuit 70 outputs a "HIGH" value. 
[0077] The internal selection control signal output unit 
72 outputs the internal selection control signal each time 
the counter circuit 71 outputs a value to Q0 and Q1 ter- 

45 [0078] With the above-described construction, each 
time any comparator detects a "match" and notifies the 
match detection signal controi apparatus 53 of it, the 
match detection signal control apparatus 53 outputs a 
bus identification number thai is nexl-higher than a cur- 
50 rent bus identification number, so that the data trans- 
ferred on the bus with the identification number output 
from the match detection signal control apparatus 53 is 
outputto the observation bus. That is to say, the internal 
bus whose data is output to the observation bus chang- 
es es in rotation. Although in the present embodiment, the 
internal bus whose data is output to the observation bus 
changes in ascending order, the internal bus may be 
changed in descending order. 
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[0079] As described above, the present embodiment 
enables observers to observe the internal state of the 
system LSI 105 from outside by dynamically changing 
the internal observation state. 

Embodiment 3> 

[0080] In Embodiment 3, when dataon a bus is output 
to outside the system LS1 105, the identification number 
of the bus is also output to outside the system LSI 1 05. 
For this purpose, the internal selection control signal 
output from the OR circuit 55 is output to outside the 
system LS1 105. FIG. 13 shows the internal construction 
of the observation control apparatus 9 in Embodiment 

3. As shown in FIG. 13, the internal selection control 
signal output from the OR circuit 55 is output to outside 
the system LSI 1 05 via an output terminal. 

[0081] As described above, the present embodiment 
enables observers to recognize which internal bus is 
transferring the data which is currently output to outside 
the system LS1 105. Embodiment 4> 
[0082] Embodiments 1 to 3 include the group of output 
terminals 7 used by the selector unit 10 to output data 
transferred on a bus to outside the system LS1 1 05 for 
the internal observation mode. Embodiment 4, however, 
does not include a dedicated group of output terminals, 
but uses output terminals prepared for other purposes 
also for the internal observation mode. The "output ter- 
minals prepared for other purposes" are those of the 
system LSI 105 used for outputting addresses to the 
flash memory 1 03, which are shown in FIG. 1 . 
[0083] FIG. 1 4 shows how the selector unit 1 0 is con- 
nected to the system LS1 105 in Embodiment 4. In FIG. 

4, "Addr" represents a connection line connecting the 
system LS1 105 and the flash memory 1 03 (refer to FIG. 
2). In Embodiment 4, the connection line "Addr" con- 
nects the selector unit 10 and the flash memory 103. A 
latch circuit 73 is disposed in halfway through the con- 
nection line "Addr". 

[0084] In Embodiment 4, the selector unit 1 0 is con- 
nected to four internal buses among the five internal 
buses, and is also connected to the observation bus. 
[0085] The latch circuit 73 shown in FIG. 14 is a com- 
ponent unique to Embodiment 4, and its D terminal is 
connected to the selector unit 1 0. When the selector unit 
10 outputs an address transferred on the address bus 
4, the latch circuit 73 latches the address through the D 
terminal. The latch circuit 73 receives an ale signal 
through its G terminal, The latch circuit 73 continuously 
outputs the latched address to the flash memory 1 03 
during a period in which the received ale signal is active. 
[0086] FIGs. 15Aand 15B are timing charts in the or- 
dinary operation mode and the internal observation 
mode, respectively. In these figures, the first row 
through the fifth row show the connection line "Addr", 
the ale signal, the XCS signal, addresses, and data, re- 
spectively. 

[0087] In the ordinary operation mode, since the ale 
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signal is HIGH (in the non-active state) from beginning 
to end, the latch circuit 72 outputs the flash memory ad- 
dress received from the selector 10, as it is. 
[0088] In the internal observation mode, since the ale 

5 signal is LOW (in the active state) from time point t31 to 
time point t32, the latch circuit 73 continuously outputs 
a flash memory address through its output terminal dur- 
ing a period from time point t33 to time point t34. In this 
example, the internal selection control signals SEL1 , 

10 SEL2, and SEL3 are output during a time period (1) 
(from time point t22 to time point t23), during a time pe- 
riod (2) (from time point t23 to time point t24), and during 
a time period (3) (from time point t24 to time point t25), 
respectively. As shown in FIG. 1 5B, during the time pe- 

15 riod (1), the connection line "Addr" has data transferred 
on the stream bus. Similarly, during the time periods (2) 
and (3), the connection line "Addr" has data transferred 
on the data bus and the I/O bus, respectively. 
[0089] As described above, according to the present 

20 embodiment, an output terminal of the system LSI 105 
used for outputting data to an external device can also 
be used by the selector unit 1 0 to output data transferred 
on a bus to outside the system LSI. This improves the 
cost performance of the system LS1 105. Embodiment 

25 5> 

[0090] In Embodiment 5, as is the case with Embod- 
iment 2, one of a plurality of internal observation states 
is selected, and data transferred on a bus is output to 
outside the system LS1 105 in accordance with the se- 

30 lected internal observation state. While in Embodiment 
2, comparators are connected to internal buses on a 
one-to-one basis, and the internal observation state 
changes each time any comparator detects a "match", 
in Embodiment 5, two comparators are connected to 

35 each internal bus, and the internal observation state 
changes each time the two comparators detect a 
"match". 

[0091] FIG. 1 6 shows the internal structure of the ob- 
servation control apparatus 9 for achieving the above 

40 feature of Embodiments. As shown in FIG. ^.compa- 
rators 81 and 82 are connected to the instruction bus 1 , 
comparators 83 and 84 are connected to the data bus 
2, and comparators 85 and 86 are connected to the I/O 
bus 3. One of the two comparators connected to the 

45 same bus compares the data transferred on the bus with 
a first expected value to see whether they match, and 
the other comparator compares the data with a second 
expected value to see whether they match. 
[0092] Since each Internal bus Is connected to two 

50 comparators, in Embodiment 5 , it is possible to change 
the internal observation state when a "specific se- 
quence" occurs. Here, the "specific sequence" indicates 
a case where, for example, an internal bus becomes two 
different states in succession. Note that the "specific se- 

55 quence" to be detected can be set and changed as de- 
sired through assignment of expected values in the 
comparators. 

[0093] The match detection signal control apparatus 
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53 of the present embodiment first allows one of the two 
comparators connected to the same bus to compare the 
data transferred on the bus a certain expected value to 
see whether they match, and when they match, allows 
the other of the two comparators to compare the data s 
with another expected value to see whetherthey match. 
The match detection signal control apparatus 53 then 
instructs the selector unit to output data transferred on 
another bus only when the results of both two compar- 
isons are "match". Since two comparators are connect- 
ed to each bus, for example, it is possible to selectively 
output data transferred on the data bus 1 to outside the 
system LS1 1 05 only when the first address and the sec- 
ond address, which are determined in advance, appear 
on the address bus 4 in succession. 
[0094] As described above, in the present embodi- 
ment, since two comparators are connected to each 
bus, it is possible to change data to be output to outside 
even when the expected value cannot be rewritten in 
time due to a very short period between the transfers of 
the first address and second address, for example. Al- 
though in the present embodiment, as is the case with 
Embodiment 2, a plurality of internal observation states 
are rotated, an internal selection control signal may be 
output by referring to a table showing relationships be- 
tween comparators and buses, as in Embodiment 1 . 
[0095] As a variation of the present embodiment, data 
transferred on one of a plurality of internal buses may 
be output to outside the system LSI 105 when one of 
two comparators connected to the same bus detects a 
match between the data and an expected value. Also, 
while in the present embodiment, the data to be output 
to outside is changed when a "specific sequence" in the 
same internal bus is detected, the data may be changed 
when a "specific sequence" in two internal buses is de- 
tected. More specifically, two comparators connected to 
two buses are used to detect whether one of the two 
buses becomes a certain state and immediately after 
this, the other of the two buses becomes another state. 
Whether the data to be output to outside should be 
changed is determined based on these check results. 

<Embodiment 6> 

[0096] In Embodiments 1 to 3, the comparator 11 is 
connected to an internal bus. In Embodiment 6 : the com- 
parator 1 1 is connected to the observation bus on which 
the data selected by the selector 1 0 is transferred. FIG. 
1 7 shows the internal structure of the observation con- 
trol apparatus 9 in Embodiment 6. 
[0097] The system integrated circuit in Embodiment 
6 including the above feature operates as follows, After 
the selector 10 starts outputting data transferred on any 
internal bus to the observation bus, the comparator 11 
connected to the observation bus continuously judges 
whether the data matches an expected value. The 
match detection signal control apparatus 53 does not 
output the internal selection control signal unless the 



comparator judges that the data matches the expected 
value. This allows the selector 10 to continue to output 
this data unless it receives the internal selection control 
signal. 

[0098] The match detection signal control apparatus 
53 outputs the internal selection control signal when the 
comparator 1 1 has judged that the data on the observa- 
tion bus matches the expected value. When the internal 
selection control signal indicates an identification 
number of another internal bus, the selector 10 starts 
outputting data transferred on the other internal bus to 
the observation bus. As described above, in Embodi- 
ment 6, the same data continues to be output to the ob- 
servation bus unless a certain expected value appears 
on the observation bus, and data transferred on another 
bus is output to the observation bus after the certai n ex- 
pected value appears on the observation bus. 
[0099] As described above, since the present embod- 
iment uses only one comparator, the circuit size of the 
system LSI 105 is reduced. 

<Embodiment 7> 

[0100] Embodiment 7 is characterized in that data 
transferred on an internal bus is output to outside the 
system LS1 105 in time-sharing, in contrast to Embodi- 
ments 1 to 3. FIG. 18 shows the internal structure of the 
observation control apparatus 9 in Embodiment 7. 
[0101] Suppose, as shown in FIG, 18, that the bit 
width of each of the data, I/O, stream, and instruction 
buses is m bits, that the number of output terminals con- 
tained in the system LS1 105 is k, and that the bit width 
of the address bus is k bits, where k<m. Then, the se- 
lector unit receives (4Xmj bits of data from the data, I/ 
O, stream, and instruction buses, and outputs data to 
outside the system LSI 105 on a k bits at a time basis 
in time-sharing. With this construction, even if the 
number of output terminals is less than the bit width of 
the bus to be observed, all the data transferred on a bus 
can be observed. 

Embodiment 8> 

[01 02] While in Embodiments 1 to 3, data transferred 
on an internal bus is output to outside the system LSI 
105, in Embodiment 8, when a contention occurs be- 
tween two or more master devices for a bus, a request 
signal output from each contending master device to the 
arbitration apparatuses 40 to 42 is output to outside the 
system LS1 105. FIG. 19 shows the internal construction 
of the BCU 117 in Embodiment 8. 
[0103] As shown in FIG. 1 9, each master device out- 
puts a request signal to the arbitration apparatuses 40 
to 42 to request use of a slave device. 
[0104] The arbitration apparatuses 40 to 42, when re- 
ceiving a plurality of request signals from a plurality of 
master devices, select one of the plurality of master de- 
vices in accordance with a certain procedure, and vest 
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the selected master device with the right to use a bus. 
[0105] The selector unit 10 in Embodiment 8 outputs 
a request signal output from the master device vested 
by the arbitration apparatuses 40 to 42 to use a bus to 
outside the system LS1 105. 

[0106] As described above, in the present embodi- 
ment, when a contention occurs in the system LSI 105 
between two or more master devices for a bus, an ob- 
server can recognize from outside the system LSI 105 
which master device the arbiters have allowed to use a 
bus. 

[0107] The present invention has been fully described 
by way of examples with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications will be apparent to those skilled in the art. 
Therefore, unless such changes and modifications de- 
part from the scope of the present invention , they should 
be construed as being included therein. 



A system integrated circuit (1 05) containing (i) a plu- 
rality of buses (1 ,2,3,4,5), (ii) a comparator (1 3) con- 
nected to one of the plurality of buses, and (iii) a 25 
selector unit (10) operable to output data trans- 
ferred on one of the plurality of buses to outside the 
system integrated circuit in accordance with a result 
of the comparison performed by the comparator, the 
system integrated circuit (105) further being con- so 
nected to a first memory apparatus, and compris- 
ing: 

a demultiplex unit (107) operable to receive a 
transport stream into which a plurality of ele- 35 
mentary streams have been time-division mul- 
tiplexed, and separate the received transport 
stream into the plurality of elementary streams; 
a decoder unit (108) operable to decode the 
plurality of elementary streams; 40 
a direct memory access transfer control unit 
(113) operable to, by transferring the plurality 
of elementary streams on a stream bus being 
one of the plurality of buses, either write a 
stream of data from the demultiplex unit to the 45 
first memory apparatus, or read a stream of da- 
ta from the first memory apparatus to the de- 
coder unit (108), wherein 
the comparator (13) is connected to the stream 
bus and operable to compare data transferred so 
on said stream bus with a predetermined ex- 
pected value, and 

the selector unit (10) outputs data transferred 
on a bus different from the stream bus to out- 
side the system integrated circuit (105) in ac- ss 
cordance with a result of the comparison per- 
formed by the comparator (1 3) connected to the 
stream bus. 



The system integrated circuit of claim 1 further be- 
ing connected to a second memory apparatus 
which stores a sequence of instructions, and further 
comprising: 

a plurality of comparators connected to the plu- 
rality of buses on a one-to-one basis; 
a plurality of selector unit, each associated with 
a separate one of said plurality of comparators; 
a processor unit operable to execute an instruc- 
tion and control the system integrated circuit, 
wherein 

the plurality of buses include: 

an address bus which is used to transfer 
an access destination address from the 
processor unit to the second memory ap- 
paratus; and 

an instruction bus which is used to transfer 
an instruction fromthesecond memory ap- 
paratus to the processor unit, 
either the address bus or the instruction 
bus is connected to one of other compara- 
tors contained in the system integrated cir- 
cuit, and 

one of other selector units outputs data 
transferred on eitherthe address bus orthe 
instruction bus to outside the system inte- 
grated circuit in accordance with a result of 
the comparison performed by the other 
comparator connected to either the ad- 
dress bus orthe instruction bus. 

The system integrated circuit of claim 2, wherein 

the first memory apparatus is used as a work 
area when the processor unit executes an instruc- 
tion stored in the second memory apparatus, the 
system integrated circuit further comprising: 

an arbitration unit operable to, when a conten- 
tion occurs between the direct memory access 
transfer control unit and the processor unit for 
an access to the first memory apparatus, allow 
one of the direct memory access transfer con- 
trol unit and the processor unit to access the 
first memory apparatus, and prohibit the other 
from accessing, 

the system integrated circuit further compris- 
ing: 

an output unit operable to output (i) data to 
be transferred and (ii) an identifier of either 
the circuit memory access transfer control 
unit orthe processor unit that is allowed by 
the arbitration unit to access the first mem- 
ory apparatus, the identifier being coupled 
with the data t 
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4. The system integrated circuit of claim 1 , wherein 

the selector unit is connected to the stream 
bus, and 

the selector unit continuously outputs data 
that is transferred on the stream bus from/to the first 
memory apparatus, to outside the system integrat- 
ed circuit while the comparator judges that a prede- 
termined expected value does not match the data 
transferred on the stream bus, and outputs data 
transferred on one of the plurality of buses, which 
is different from the stream bus, to outside the sys- 
tem integrated circuit when the comparator judges 
that the predetermined expected value matches the 
data transferred on the stream bus. 

5. The system integrated circuit of claim 1, further 
comprising: 

a receiving unit operable to receive data from 
outside the system integrated circuit; and 
a judgement unit operable to judge whether the 
data received by the receiving unit either is a 
default value or includes a designation of a bus 
transferring data which should be output, and 
the selector unit outputs the data transferred on 
the bus differentfrom the stream bus to outside 
the system integrated circuit in accordance with 
the result of the comparison performed by the 
comparator connected to the stream bus when 
the data received by the receiving unit is the 
default value, and when the data received by 
the receiving unit includes the designation of a 
bus, the selector unit outputs the data trans- 
ferred on the bus designated by the data re- 
ceived by the receiving unit. 



Patentanspruche 

1. Systemintegrierte Schaltung (105), die Folgendes 
beinhaltet: (i) eine Mehrzahl von Bussen (1 , 2, 3, 4, 
5), (ii) einen Komparator (1 3), der mit einem aus der 
Mehrzahl von Bussen verbunden ist, und (iii) eine 
Auswahleinheit (10) mit der Aufgabe. Daten auszu- 
geben, die uber einen aus der Mehrzahl von Bussen 
aus der system integrierten Schaltung hinaus ge- 
mal3 einem Ergebnis eines von dem Komparator 
durchgefiihrten Vergleichs ubertragen werden, 
wobei die systemintegrierte Schaltung (105) ferner 
mit einer ersten Speichervorrichtung verbunden ist 
und Folgendes umfasst: 

eine Demultiplexereinheit (107) mit der Aufga- 
be, einen Transportstrom zu empfangen, in den 
eine Mehrzahl von Elementarstromen zeitmul- 
tiplexiert wurde, und den empfangenen Trans- 
portstrom in die Mehrzahl von Elementarstro- 
men zu unterteilen; 



eine Decodereinheit (108) mit derAufgabe, die 
Mehrzahl von Elementarstromen zu decodie- 
ren; 

eine Direktspeicherzugrifftransfersteuereinheit 
s (113) mit der Aufgabe. durch Ubertragen der 

Mehrzahl von Elementarstromen auf einem 
Strombus, der einer aus der Mehrzahl von Bus- 
sen ist, entweder einen Strom von Daten von 
der Demuliplexereinheit auf die erste Speicher- 
10 vorrichtung zu schreiben oder einen Strom von 

Daten von der ersten Speichervorrichtung auf 
die Decodereinheit (108) zu lesen, 

wobei 

'5 der Komparator (13) mit dem Strombus ver- 

bunden ist und die Aufgabe hat, uber den genann- 
ten Strombus iibertragene Daten mit einem vorbe- 
stimmten erwarteten Wertzu vergleichen, und 
die Auswahleinheit (1 0) Daten ausgibt, die auf 

20 einem anderen Bus als dem Strombus aus der sy- 
stemintegrierten Schaltung (1 05) gemal3 einem Er- 
gebnis des Vergleichs ubertragen werden, der von 
dem mit dem Strombus verbundenen Komparator 
(13) durchgcfuhrt wurdc. 

25 

2. Systemintegrierte Schaltung nach Anspruch 1 , die 
ferner mit einer zweiten Speichervorrichtung ver- 
bunden ist, die eine Folge von Anweisungen spei- 
chert, und die ferner Folgendes umfasst: 

30 

eine Mehrzahl von Komparatoren, die jeweils 
einzeln mit der Mehrzahl von Bussen verbun- 
den sind, 

eine Mehrzahl von Auswahleinheiten, die je- 
35 weils mit einem anderen aus der genannten 

Mehrzahl von Komparatoren assoziiert sind, 
eine Prozessoreinheit mit der Aufgabe, eine 
Anweisung auszufiihren und die systeminte- 
grierte Schaltung zu steuern. 

40 

wobei die Mehrzahl von Bussen Folgendes beinhal- 
tet: 

einen Adressbus. der zum Ubertragen einer 
45 Zugriffszieladresse von der Prozessoreinheit 

zu der zweiten Speichervorrichtung verwendet 
wird; und 

einen Anweisungsbus, der zum Ubertragen ei- 
ner Anweisung von der zweiten Speichervor- 
50 richtung zur Prozessoreinheit verwendet wird; 

wobei entweder der Adressbus oder der An- 
weisungsbus mit einem von anderen in dersystem- 
integrierten Schaltung enthaltenen Komparatoren 
55 verbunden ist, und 

eine der anderen Auswahleinheiten Daten 
ausgibt, die entweder auf dem Adressbus oder dem 
Anweisungsbus aus der systemintegrierten Schal- 
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tung hinaus gemaB einem Ergebnis des Vergleichs 
ubertragen werden, der von dem anderen Kompa- 
rator durchgefiihrt wird, der entweder mit dem 
3 Oder dem Anweisungsbus verbunden 



Systemintegrierte Schaltung nach Anspmch 2, wo- 
bei 

die erste Speichervorrichtung als Arbeitsbe- 
reich verwendet wird, wenn die Prozessoreinheit ei- 
ne in der zweiten Speichervorrichtung gespeicherte 
Anweisung ausfiihrt, wobei die systemintegrierte 
Schaltung ferner Folgendes umfasst: 

eine Buszuteilungseinheit mit der Aufgabe, im 
Falle des Auftretens von Konkurrenz zwischen 
der Direktspeicherzugrifftransfersteuereinheit 
und der Prozessoreinheit urn Zugang zu der er- 
sten Speichervorrichtung, entweder der 
Direktspeicherzugrifftransfersteuereinheitoder 
der Prozessoreinheit den Zugriff auf die erste 
Speichervorrichtung zu gewahren und der an- 
deren den Zugriff zu untersagen, 



von aul3erhalb der systemintegrierten Schal- 
tung zu empfangen; und 
eine Beurteilungseinheitmit der Aufgabe zu be- 
urteilen, ob die von der Empfangseinheit emp- 
fangenen Daten entweder ein Vorgabewert 
sind Oder eine Bezeichnung eines Busses be- 
inhalten, der Daten ubertragt, die ausgegeben 
werden sollen, und 

wobei die Auswahleinheit die Daten, die auf 
dem Bus, der nicht der Strombus ist, aus der sy- 
stemintegrierten Schaltung hinaus gemaG dem Er- 
gebnis des Vergleichs ubertragen werden, der von 
dem mit dem Strombus verbundenen Komparator 
durchgefuhrt wird, ausgibt, wenn die von der Emp- 
fangseinheit empfangenen Daten der Vorgabewert 
sind, und wenn die von der Empfangseinheit emp- 
fangenen Daten die Bezeichnung eines Busses be- 
inhalten, die Auswahleinheit die Daten ausgibt, die 
auf dem Bus iibertragen werden, der von den von 
der Empfangseinheit empfangenen Daten bezeich- 
netwird, 



wobei die systemintegrierte Schaltung ferner 25 Revendications 

Folgendes umfasst: 



eine Ausgabeeinheit mit der Aufgabe, (i) zu 
ubertragende Daten auszugeben, und (li) eine 
Kennung entweder fur die Direktspeicherzu- 
grifftransfersteuereinheit oder die Prozessor- 
einheit auszugeben, der von der Buszutei- 
lungseinheit der Zugriff auf die erste Speicher- 
vorrichtung gewahrt wird, wobei die Kennung 
mit den zu ubertragenen Daten gekoppelt wird. 

Systemintegrierte Schaltung nach Anspruch 1 , wo- 
bei 

die Auswahleinheit mit dem Strombus ver- 
bunden ist, und 

die Auswahleinheit kontinuierlich Daten aus- 
gibt, die auf dem Strombus von/zu der ersten Spei- 
chervorrichtung aus der systemintegrierten Schal- 
tung hinaus ubertragen werden, wahrend der Kom- 
parator zu dem Urteil kommt, dass ein vorbestimm- 
tererwarteter Wert nicht mit den auf dem Strombus 
ubertragenen Daten ubereinstimmt, und Daten aus- 
gibt, die auf einem aus der Mehrzahl von Bussen, 
der nicht der Strombus ist, aus der systemintegrier- 
ten Schaltung hinaus ubertragen werden, wenn der 
Komparator zu dem Urteil kommt, dass der vorbe- 
stimmte erwartete Wert mit den auf dem Strombus 
ubertragenen Daten ubereinstimmt. 

Systemintegrierte Schaltung nach Anspruch 1 , die 
ferner Folgendes umfasst: 

eine Empfangseinheit mit der Aufgabe, Daten 



Circuit integre de systeme (105) contenant (i) une 
pluralite de bus (1 ,2,3,4,5), (ii) un comparateur (13) 
connecte a I'un de la pluralite de bus, et (iii) une 
unite de selection (10) utilisable pour fournir des 
donnees transferees sur I'un de la pluralite de bus 
a I'exterieurdu circuit integre de systeme conforme- 
ment a un resultat de la comparaison effectuee par 
le comparateur, le circuit integre de systeme (105) 
etant en outre connecte a un premier dispositif a 
memoire, el comprenant : 

une unite de demultiplexage (107) utilisable 
pour recevoir un flux de transport dans lequel 
une pluralite de flux elementaires ont ete mul- 
tiplexes par repartition dans le temps, etsepa- 
rent le flux de transport recu dans la pluralite 
de flux elementaires ; 

une unite de decodage (1 08) utilisable pour de- 
coder la pluralite de flux elementaires ; 
une unite de commande de transfert d'acces di- 
rect a la memoire (113) utilisable, en transferant 
la pluralite de flux elementaires sur un bus de 
flux qui est I'un de la pluralite de bus, soit pour 
ecrire un flux de donnees provenant de I'unite 
de demultiplexage au premier dispositif de me- 
moire, soit pour lire un flux de donnees prove- 
nant du premier dispositif de memoire a I'unite 
de decodage (108), dans lequel 
le comparateur (1 3) est connecte au bus de flux 
et a pour role de comparer les donnees trans- 
ferees sur ledit bus de flux avec une valeur at- 
tendue predeterminee, et 
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I'unite de selection (10) fournit des donnees 
transferees sur un bus different du bus de flux 
a I'exterieur du circuit integre de systeme (1 05) 
conformement a un resultat de la comparaison 
effectuee par le comparateur (1 3) connecte au s 
bus de flux. 

2. Le circuit integre de systeme de la revendication 1 , 
connecte en outre a un second dispositif de memoi- 

re qui stocke une sequence d'instructions, et com- 10 
prenant en outre : 

une pluralite de comparateurs connectes a la 
pluralite de bus sur une base de un a un ; 
une pluralite d'unites de selection, chacune as- is 
sociee avec un comparateur separe de ladite 4. 
pluralite de comparateurs ; 
une unite detraitement utilisable pourexecuter 
une instruction et pour commander !e circuit in- 
tegre de systeme, dans lequel 20 

la pluralite de bus comprend : 

un bus d'adresse qui est utilise pourtransferer 
une adresse de destination d'acces de I'unite 25 
de traitement au second dispositif de memoire ; 
et 

un bus destruction qui est utilise pourtransfe- 
rer une instruction du second dispositif de me- 
moire a I'unite de traitement, 30 
soit le bus d'adresse soit le bus d'instruction est 
connecte a I'un d'autres comparateurs conte- 
nus dans le circuit integre de systeme, et 
I'une d'autres unites de selection fournit des 
donnees transferees soit sur le bus d'adresse 35 5. 
soit sur le bus d'instruction a I'exterieur du cir- 
cuit integre de systeme conformement a un re- 
sultat de la comparaison effectuee par I'autre 
comparateur connecte soit au bus d'adresse 
soit au bus 40 

3. Le circuit integre de systeme de la revendication 2, 
dans lequel 

le premier dispositif de memoire est utilise com- 45 
me zone de travail lorsque I'unite detraitement 
execute une instruction stockee dans le second 
dispositif de memoire, le circuit integre de sys- 
teme comprenant en outre : 

50 

une unite d'arbitrage utilisable, lorsqu'il se 
produit un conflit entre I'unite de comman- 
de de transfert d'acces direct a la memoire 
et I'unite de traitement pour un acces au 
premier dispositif de memoire, pour per- 55 
mettre a I'une de I'unite de commande de 
transfert d'acces direct a la memoire et de 
I'unite de traitement d'acceder au premier 



dispositif de memoire, et pour interdire cet 
acces a I'autre unite, 

le circuit integre de systeme comprenant 
en outre : 

une unite de sortie utilisable pour four- 
nir (i) des donnees a transferer et (ii) 
un identificateur soit de I'unite de com- 
mande de transfert d'acces direct a la 
memoire et I'unite de traitement qui est 
autorisee par I'unite d'arbitrage a ac- 
ceder au premier dispositif de memoi- 
re, I'identificateuretant couple avec les 
donnees a transferer. 

Le circuit integre de systeme de la revendication 1 , 
dans lequel 

I'unite de selection est connectee au bus de 
flux, et 

I'unite de selection fournit continuellement des 
donnees qui sont transferees sur le bus de flux 
du/au premier dispositif de memoire, a I'exte- 
rieur du circuit integre de systeme, tandis que 
le comparateur juge qu'une valeur attendue 
predetermines ne correspond pas aux don- 
nees transferees sur lebus de donnees, et four- 
nit des donnees transferees sur I'un de la plu- 
ralite de bus, qui est different du bus de flux, a 
I'exterieur du circuit integre de systeme lorsque 
le comparateur juge que la valeur attendue pre- 
determinee correspond aux donnees transfe- 
rees sur le bus de flux. 

Le circuit integre de systeme de la revendication 1 , 
comprenant en outre : 

une unite de reception utilisable pour recevoir 
des donnees de I'exterieur du circuit integre de 
systeme ; et 

une unite de jugement utilisable pour juger si 
les donnees regues par I'unite de reception 
sont une valeur par defaut ou comprennent une 
designation de donnees de transfert de bus qui 
doivent etre fournies, et 
I'unite de selection fournit les donnees transfe- 
rees sur le bus different du bus de flux a I'exte- 
rieur du circuit integre de systeme conforme- 
ment au resultat de la comparaison effectuee 
par le comparateur connecte au bus de flux 
lorsque les donnees recues par I'unite de re- 
ception sont la valeur par defaut et, lorsque les 
donnees regues par I'unite de reception com- 
prennent la designation d'un bus, I'unite de se- 
lection fournit les donnees transferees sur le 
bus designe par les donnees regues par I'unite 
de reception. 
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